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The effects of prevention of coprophagy on reproductive performance were examined in ICR mice. Females were treated with restrainers in order to prevent them from ingesting their feces from day 1 through day 17 of pregnancy.
The restrained animals fed a commercial diet did not show any clear adverse effects. In contrast, restrained dams fed a purified diet deficient in vitamin B12 exhibited stillbirths (14 %) and abortions (7%). Restrained dams fed a diet lacking in vitamin B12 and folic acid also experienced frequent abortions (27%). In addition, six out of 14 restrained dams (43%) aborted when fed a vitamin B complex-deficient diet. Sham-restrained animals, fed the vitamin B complex deficient-diet, but able to ingest their feces trapped by smaller-mesh floors, escaped these adverse effects. Sham-restrained animals fed the commercial diet, however, showed only a slight improvement in their reproductive performance.
In conclusion, coprophagy has nutritional significance as long as the diet is lacking at least B vitamins, especially vitamin B12 and folic acid, whereas it almost entirely loses its nutritional significance when the mouse has access to a balanced diet such as the one made available to the laboratory mice in the present study.
Coprophagy is a physiological behavior known to be nutritionally beneficial to rabbits [9-10, 19], guinea pigs [8, 15] and rats [1, 3] . We have studied coprophagy in the mouse from the standpoint of both nutrition and behavior [ 4, 18] and have reported that growing mice [5] and female mice in various stages of reproduction [6]exhibit vigorous coprophagy. These findings suggest that coprophagy may accelerate in proportion to increases in the nutritional requirements of mice. Because proliferating tissues require vitamin B12 and folic acid for DNA synthesis and cell division [16] , :feces, which contain both vitamins in abundance [4], may be frequently ingested during the growth and reproductive stages as a source of these vitamins.
It would be of interest, therefore, to determine whether the prevention of coprophagy during pregnancy, a time when coprophagy accelerates, has any effect on reproductive performance or fetuses. Prevention of coprophgy in rabbits [19] , guinea pigs [8, 15] and rats [1, 3, 14] has generally brought on nutrition disorders, in the worst cases resulting in the death of guinea pigs [15] and rats [14] . These experiments have proved that coprophagy is a nutritionally important behavior in each of these species, however, no attempts have been made to prevent coprophagy in the mouse in order to elucidate its nutritional significance. Consequently, the significance of coprophagy and the nutritional requirements of the mouse have yet to be resolved. Mating : At 10 or 11 weeks of age, females were allowed to cohabit monogamously with males in the above-described cages with continued access to the commercial diet. Cohabitations were continued until successful copulation was confirmed by the presence of vaginal plugs. The day on which a vaginal plug was found was designated day 0 of pregnancy.
Experiments : Four experiments were carried out based on the various kinds of diet administered to the dams. Experiment 1. Animals were fed the commercial diet, Oriental MF (Table 1) , throughout pregnancy. From day 1 through 17 of pregnancy mice were prevented from ingesting their feces by the restraines [71 (Fig. 1) . On the afternoon of day 17 of pregnancy, mice were Table 2 .
Effects of preventing coprophagy on body weight of dams fed a commercial diet or vitamin-deficient diet Hence, the adverse effects of the restrainer itself on the birth index appeared to be slight. In the sham-restrained group, pup weight was significantly (p <0.05) lower than in the control group.
This lower value was attributable to the larger litter size in the sham-restrained group. In Experiment 2, parallel increases in weight and successful reproductive performance were obtained in dams fed the vitamin B12-deficient diet (control group) and in dams fed the balanced purified diet (background control group). These favorable results were considered the result of compensation for the absence of vitamin B12 in the diet by coprophagy . The restrained animals did, however, tend to gain less body weight (84%) than the controls (96%). Additional adverse effects, i. e., stillbirths (Fig. 2) , were observed in 2 of the 14 dams, and abortion occurred in 1 of the 14. Although the difference is not statistically significant, the birth index (80.6%) of the restrained group was approximately 15% lower than in the control group. Pup weight was significantly (p <0.05) lower in the restrained group than that in the control group.
In Experiment 3, it was first proven that body weight gains of the control dams decreased to 85% from 96% when the animals were fed the diet lacking both vitamin B12 and folic acid as compared with when the control dams were fed the diet def icint in vitamin B12 only. The diference was not statistically significant, this result indicates that the folic acid synthesized by intestinal microorganisms and accumulated in the feces was insufficient to meet the needs of the pregnant mice. Body weight gain tended to be depressed in the restrained animals (73 %). Abortions occurred in 3 out of the 11 restrained dams during days 9 through 13 of pregnancy. In addition, the birth index was approximately 25% less and pup weight significantly (p <0.05) depressed compared with the respec- tive values for the controls.
In Experiment 4, although body weight gain, birth index and pup weight were considerably depressed even in the control group supplied the diet lacking vitamin B complex, there were no abortions. The restrained animals showed significant (p <0.05) depression of body weight gain (24%). Among the restrained animals, 6 out of the 14 dams aborted fetuses during days 8 through 15 of pregnancy. The birth index was reduced very significantly( p < 0.01) to 14.1 % and pup weight was significantly (p <0.01) lower than among pups in the control group.
Values for these parameters were better in the sham-restrained animals, i. e., they had the same body weight gains as the controls, no abortions, a remarkably improved birth index and pup weights paralleling those of the controls.
Discussion
Experiment 1 demonstrated that the restrainer had a slightly depressing effect on body weight gain but had litle negative effect on the reproductive performance of the dams.
The most probable explanation as to why pregnant mice prevented from eating their feces did not exhibit clear adverse effects is considered to lie in their diet. Commercial diets manufactured for laboratory animals today are well-balanced. Therefore, it is assumed that the nutritional demands of the mice, especially for B complex vitamins, were almost completely satisfied with the amounts contained in the diet even if animals were prevented from practicing coprophagy.
Thus, we created new groups of mice given a purified diet that lacked B complex vitamin in order to detect the effects of preventing coprophagy on the dams. As expected, the smaller the amount of any of the B complex vitamins in the diet, the greater the adverse effects on dams prevented from coprophagy, i, e., abortions occurred earlier and with increasing frequency, and birth index and pup weight decreased. Since these adverse effects almost completely disappeared in the sham-restrained dams in Experiment 4, it appears that the common cause of the adverse effects is avitaminosis resulting from both vitamin deficiency in the diet and the inability of the mice to practice coprophagy. 
